In a previous publication (13) evidence was presented in support of the auxin-ethylene balance hypothesis as an explanation for natural leaf abscission. It was found that the two commercial defoliants, Shed-A-Leaf (sodium chlorate-pentaborate) and Endothal (disodium-3,6-endoxohexahydrophalate + ammonium sulphate), accelerated ethylene production in cotton leaves. This observation has since been confirmed for other defoliants by another investigator (16).
50% of the bolls had opened. A commercial wetting agent, Nonic 218, was added to all defoliants which were freshly prepared just prior to application. The defoliant sprays were applied with a power-driven atomizer sprayer until the foliage was wetted. A high defoliant concentration of 5% was utilized in all experiments except experiment 4 where a 2% concentration was employed. Sucrose was applied at 3.5 and 5% and maleic hydrazide at 4800 p.p.m. (table I) .
In all experiments, the number of leaves per plant was determined prior to defoliant application and seven to nine days after application. From the difference the percentage defoliation was determined. This figure included both the leaves that abscised naturally and those that fell when gentle pressure was applied to simulate field conditions. All data presented are the averages of the individual treatments and, in the case of the first three experiments, represent a composite of the four varieties used.
EXPERIMENTS
Two lots of Stoneville 2B plants were grown in manured Houston Clay in the greenhouse at College Station. The first lot involved 10 plants which were defoliated on June 15 with Shed-A-Leaf at a rate equivalent to six pounds per acre. The second lot of 24 plants provided the plant material for both the ethylene experiment (tables II and III) and the respiration measurements (table IV). The plants defoliated with 100 p.p.m. ethylene were cut off at the ground line and placed in beakers of water under large bell jars with the gas for 72 hours. Leaf samples were taken at the beginning, at 48 hours, and at 72 hours. Comparable controls were also placed under bell jars for 48 hours to see what effect the bell jar environment had upon defoliation and leaf composition. The plants used for the respiration measurements were sprayed with 2% Shed-A-Leaf, and leaf samples were taken three hours later and at 24 hour intervals up to 72 hours.
Replicated field plot experiments were conducted at the Weslaco, Temple, and Lubbock stations during the summer of 1951. These stations were selected because they represent diverse farming practices, climates, and growing conditions. Therefore it is believed that some significance can be attached to similarities in plant reaction to chemically induced defoliation when grown under such greatly different conditions, whereas marked deviations from the norm are of questionable significance. A uniform defoliant (Shed-A-Leaf), at the rate of seven to eight pounds per acre, was applied by means of tractor-mounted spray equipment. The mode of action of Shed-A-Leaf was compared to that of ethylene used at College Station (tables II and III).
Leaf samples were collected at.the time of defoliant application at all locations. At College Station, samples were also taken 24, 48, and 72 hours after application. In the Lower Rio Grande Valley and Temple experiments, leaf samples were collected 24 and 48 hours after application, while at Lubbock, samples were collected 48 and 72 hours after application (table  III) . Daily observations were made of plants at all localities throughout most of the defoliation process. Defoliation counts were made as soon as the abscission process was completed, and the per cent. of leaf fall for the plots was averaged. With the exception of the plants at Lubbock, the per cent. of leaf fall was determined about eight days after the defoliant was applied.
The experiment in Lower Rio Grande Valley was performed near Donna, Texas, under irrigated conditions of ample moisture. The Deltapine variety of cotton was used and the defoliant was applied in early July. The Temple experiments utilized the Empire variety of cotton grown under extremely unfavorable conditions. At the time of defoliant application (August 20), the plants were under very serious drought stress. The plants at Lubbock were grown under what may be called semi-dry land conditions. Approximately 11 inches of rain-fell during the season, which was supplemented by a four acre-inch irrigation in April and a two acre-inch irrigation in late July. Application of the defoliant to the Storm Proof cotton variety normally grown in the High Plains was made in early October. cases the samples were oven-dried as soon as possible at 800 C and ground to pass an 80-mesh screen. Carbohydrates were determined by methods described in detail elsewhere (4, 11) . Total nitrogen, including nitrates and nitrites, was determined by the modified Kjeldahl method using salicylic acid and sodium thiosulphate. Soluble nitrogen, extracted with 80% ethanol from oven-dry material, was determined by the Kjeldahl method after preliminary reduction with reduced iron powder.
The respiratory rates of control leaves and leaves sprayed with Shed-ALeaf were measured in a standard Warburg respirometer by the leaf-disk method previously described (11 (1, 10) ; (e) Maleic hydrazide, which has been reported to cause an accumulation of carbohydrates in the cotton leaf (18) , was applied as a spray.
The effects of these treatments on the carbohydrate composition of the main stalk leaves and their influence upon the per cent. of defoliation are summarized in nounced, are comparable to those obtained with the defoliant at the other stations, and suggest a common mode of action. Analyses of leaf blades, petioles, and stems of the College Station plants ( fig. 1 ) indicated the nature of the changes observed in the leaf blades which are summarized in table III. Chemical analyses of the samples taken at 24 hours show that the reserve fractions of the petioles and the blades were undergoing simultaneous hydrolysis. A comparison of the values for soluble carbohydrate and nitrogen fractions at 24 hours with the initial values indicates that these products were also being translocated out of the blade and petiole into the stem. The higher starch value at 24 hours in the stem compared to the initial content in this organ indicates polymerization. By 72 hours, both starch and reducing sugars in the petioles had fallen to trace amounts, although both fractions were still present in the blades. Total nitrogen in the petioles at 72 hours, however, had not changed appreciably, although soluble nitrogen had steadily increased. These changes in the petiole probably have special significance in abscission. The decrease in total carbohydrates of the stem taking place between 24 and 72 hours suggests that translocation was occurring from the stem to the roots. Unfortunately, roots were not sampled to substantiate this interpretation.
A comparison of the various carbohydrate fractions in the leaf blades, petioles, and stems (figs. 1, 2) before and up to 72 hours after defoliant application shows a deficit when the fractions are totaled. It appeared that the difference was more than could be accounted for by translocation to the roots and therefore an accelerated respiration was indicated. This interpretation was confirmed by respiratory determination employing the Warburg apparatus (table IV) . The respiratory rate was approximately doubled in the plants sprayed with defoliant during the period of 72 hours as measured either by oxygen uptake or carbon dioxide production. The respiratory quotient suggests that carbohydrates were the primary substrates being respired under aerobic conditions. Discussion
By considering the observations and results of this study as a whole, several events assume a paramount position in the chemically induced type of abscission process which have much in common with changes observed in the natural type and ethylene-induced type of abscission. The first of these events is the degreening phenomenon that occurred in all three types of abscission. GAWADI and AVERY (8) noted that in the abscission process of leaf fall separation of the leaf from the stem occurs when the leaves begin to lose their green color. BROWN and ADDICOTT (3) listed the events leading to abscission in the bean leaf and described the pulvinus as changing in color from deep green through pallid green and yellow-green to yellow. They noted a positive correlation between the color of the pulvinus and abscission. Typically, if the pulvinus is green, leaf fall will not take place; if it is yellow, only a light touch is necessary to bring about separation. OLMSTEAD (19) studied the effect of photoperiod on abscission in the sugar maple and stated that abscission may involve a loss of green color but this loss may be a side effect of the aging process related to photoperiod and may not in itself lead directly to abscission. In studying the degreening of oranges, ROPER and MILLER (20) noted that the synthetic auxins offered no promise as degreening agents and none had a major effect upon respiration. On the other hand, ethylene greatly stimulated the respiratory rate and gave excellent degreening. They concluded from their work that reactions which cause degreening are natural ones and the addition of ethylene is the most effective means known to make these processes occur at the maximum rate possible. Cotton petioles were observed to redden slightly, lose green color, and have total loss of color in the blade and petiole when the plants were enclosed in an ethylene atmosphere where a high rate of abscission occurred (13) . However, when the cotton plants were pretreated with naphthaleneacetic acid, degreening of leaves or petioles did not take place nor did they abscise to any extent. In the present study, the similarity in the pattern of degreening noted during chemically induced abscission, natural abscission, and ethylene-induced abscission, indicates rather clearly the possibility that ethylene is the causal agent in all three cases.
Other important events, such as the rapid hydrolysis of reserve compounds to soluble constituents, their polar translocation in the plant, and the greatly stimulated respiratory rate, all seem to occupy key roles in the defoliation process. The results of this study, as well as other published (3, 13, 17, 21) and unpublished observations (14) lead us to postulate that the physiological course of events during chemically induced defoliation proceeds, more or less, along the following pathway. As the defoliant strikes the leaf, it is absorbed and brings about a temporary inhibition of the metabolic processes of the leaf; respiration is slowed for an hour or two (13) , leaf processes are partially inactivated, and some localized tissue destruction occurs. It is believed that these reactions lower the auxin content (13, 17) and are followed by a rapid stimulation of both hydrolytic and respiratory enzymes. The reserve constituents of the leaf, such as starch, the hemicelluloses, and other structural carbohydrates, and the proteins and insoluble nitrogen fractions are rapidly hydrolyzed as evidenced by their decrease and by the concurrent increases in the soluble fractions, such as sugars and soluble nitrogen. Respiratory enzymes become greatly stimulated as shown by accelerated oxygen uptake and increased carbon dioxide output as soon as three hours after defoliant application. The respiratory quotient indicates that the soluble carbohydrates are the primary substrates being oxidized under aerobic conditions. In some cases it has been shown that increased aerobic respiration is favorable to increased ethylene production (7, 12, 13, 15) . The initial evolution of ethylene may further lower the auxin level or inactivate auxin, shifting the auxin-ethylene ratio in the favor of ethylene; initiating the events leading to degreening and chlorophyll destruction (20) and further stimulating both hydrolase and respiratory enzymes. BENNETT (2) has shown that the hemicelluloses of the corn stalk are made up largely of pentosans which yield pentoses upon hydrolysis. In other work (12) it has been demonstrated that the pentoses, particularly arabinose, served as excellent substrates for ethylene production in in vitro experiments. With the high rate of hydrolysis of the reserve components of the leaf blade, a rapid accumulation of soluble compounds occurs resulting in their translocation out of the blade into the petiole, and eventually on into the stem. The foregoing events undoubtedly accelerate respiration in the petiole, production of ethylene, a loss in the auxin gradient (21) across the petiole, digestion of the cell and cell wall materials, and cell division in the so-called abscission layer.
Finally, the results of the present paper do not support entirely the conclusions of V. L. HALL (9) that the starch or nitrogen content per se governs the susceptibility of the cotton plant to chemical defoliation. Rather it appears that the events that take place during the abscission process which involve the rate of depletion of leaf carbohydrates and nitrogen, the accelerated respiratory rate, and the relative ratio between auxin and ethylene are as important, or more so, in regulating the course of abscission. In all fairness to V. L. HALL (9) it should be pointed out that he suggested that carbohydrate depletion is an important factor in the effectiveness of chemical defoliation and that there are other factors which determine the susceptibility of the cotton plant to chemical defoliation. It appears logical that the significance of a low starch content in defoliation is that it indicates the labile carbohydrates are exhausted and the reserve structural carbohydrates of the leaf are more subject to serve as enzymatic substrates under the influence of chemical defoliants. The writers' findings on the absence of a direct relation between carbohydrates and nitrogen and defoliation are in closer agreement with the final conclusions of EATON and ERGLE (5) although their work involved shedding of bolls in cotton. At the present time, there is no reason to believe that shedding and defoliation are basically different.
Summary
Results of experiments conducted in 1950 and 1951 which involve studies of compositional and physiological changes associated with the chemical defoliation of cotton are reported. Five techniques were employed in 1950 to alter the carbohydrate content of cotton leaves and study the effect upon the percentage defoliation obtained. In 1951 experiments were performed at four locations, and the mode of action of a uniform defoliant applied to plants grown under widely different cultural and environmental conditions was compared with plants defoliated with 100 p.p.m. of ethylene. Chemical changes in the carbohydrate and nitrogen fractions were followed by analyses at the time of defoliant application and thereafter at 24 hour intervals up to 72 hours during defoliation. Warburg respirometer measurements were made during abscission.
Little evidence was found for any correlation between leaf blade carbohydrates and the percentage defoliation effected in the 1950 work. There appeared to be more of an interaction between defoliant treatment and leaf composition during the defoliation process.
A similarity in the pattern of degreening (chlorophyll loss) of the leaf during natural abscission, defoliant-induced abscission and ethylene-induced abscission is illustrated and discussed.
No definite trends or correlations were found between the carbohydrate and nitrogen fractions of the leaf blade and the percentage defoliation obtained in 1951.
A rapid hydrolysis of the reserve constituents of the leaf blade and the polar transport of their soluble products occurred under the influence of the defoliant. The results with ethylene, although more pronounced, were comparable with those obtained with the defoliant.
The respiratory rate of the leaves sprayed with defoliant, when measured either by oxygen uptake or carbon dioxide production, approximately 
